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Abstract— In wireless sensor networks (WSN), energy consumption is one of the crucial issues. It is very important to conserve 
energy at each sensor node to prolong a network lifetime. The main challenge in WSN is to develop an energy efficient algorithm to 
minimize energy consumption during transmitting information from deployed sensors up to the cloud resources. Many researches 
have been studied the designing of energy efficient technique based on one-layer stack model approach. In this study, we propose 
Energy-Efficient Cross-Layer (EECL) approach by using the interaction of MAC layer and physical layer information to be 
exploited by a network layer to achieve energy efficient communication. More precisely, network layer could utilize the MAC layer 
and physical layer information to establish an energy efficient route path to be used in forwarding data. The proposed EECL 
approach uses X-MAC protocol in support of duty cycle which introduces short preambles that switches to wake-up/sensing mode 
only for nodes belonging to routing path while the other nodes set to be in sleep mode. The distance between nodes that influences 
energy consumption and Bit Error Rate (BER) are set to be the parameters which they are help in indicating the required power 
for each hop during route path selection in WSN and avoid the rely-hops that suffering from high average BER and with farther 
distance. We conduct the experiment using Matlab to evaluate the effectiveness of our proposed approach in terms of power 
consumption and obtained data rate. The results show that our proposed EECL approach outperforms its representatives in the 
ability of tuning the power utilized in respect with required data rate that could satisfy the desired Quality-of-Service (QoS). 
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I. INTRODUCTION 
Wireless sensor network (WSN) recently has turned up as 
one of the “in-demand” wireless systems since it has been 
implemented with many sensor-based applications. Sensors are 
in every place in real world; originally designed to facilitate 
military operations, in our smartphones, at parking lots 
monitoring, in the garden for monitoring soil conditions, as 
well as in our homes sensors were utilized to control lighting, 
security, ventilation and for the main technology known as 
smart home as well as smart cities. The WSN is a wireless
network consists from few hundreds to a thousand of sensor 
nodes [1]. Every node is assembled with a sensor to perform 
resources and cooperatively optimize the overall performance
of the network. This concept can be efficiently enabled via the
use of the cross-layer technique [4]. The initial concept of 
cross-layer technique is preserving the main duties of the
original layers, but collaboration and management among
different layers can be enabled. Thus, the transparency between 
the OSI layers can be conserved, and as a way the number of 
control signals can be concentrated.  
In this paper, EECL approach is used to design an energy
efficient communication protocol for the wireless sensor 
networks. In this case, to conserve energy in each node in 
WSN, energy consumption, distance between nodes is the main
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